Partial denitrification (NO 3 À -N / NO 2 À -N) was combined with anaerobic ammonium oxidation (ANAMMOX) to achieve nitrogen removal with a low C/N ratio and low energy consumption. Three different acclimation conditions, namely, R1 (sequencing batch reactor (SBR) under anoxic conditions), R2 (SBR under alternating anoxic/aerobic conditions), and R3 (SBR under low-intensity aeration), were investigated using glucose as an electron donor to achieve continuous accumulation of nitrite during a 120 d run. Subsequently, the denitrification performance and microbial community structure of the sludge were investigated. The results showed that the acclimatized sludge in reactors R2 and R3
Introduction
The anaerobic ammonium oxidation (ANAMMOX) process has been recognized as the most effective and promising method for nitrogen removal. At present, the nitrite needed as an electron acceptor in the ANAMMOX process is mainly derived from partial nitrication (NH 4 + -N / NO 2 À -N) in the Single reactor for High activity Ammonia Removal Over Nitrite (SHARON)-ANAMMOX process and the Completely Autotrophic Nitrogen Removal over Nitrite (CANON) process. However, it is difficult to ensure the stable and long-term operation of the reactors because autotrophic bacteria, such as ammonia oxidizing bacteria (AOB), nitrite-oxidizing bacteria (NOB), and ANAMMOX bacteria are vulnerable to environmental factors. Therefore, it is necessary to nd new pathways to obtain the nitrite required for biological nitrogen removal in the ANAMMOX process. The accumulation of nitrite during the denitrication process has been reported frequently; [1] [2] [3] [4] nitrite is harmful to human health and inhibits microorganism in the nitrogen and phosphorus removal process. Therefore, the combination of ANAMMOX and heterotrophic denitrication with NO 2 À -N accumulation may be a promising and effective approach for the removal of nitrogen. Kalyuzhnyi et al. 5 proposed a new denitrication process called DEnitrifying AMmonium OXidation (DEAMOX), in which the ANAMMOX and complete denitrication processes occur in a single reactor. However, it was difficult to prevent the reduction of nitrite to N 2 . Thus, Du et al. 6 established a novel DEAMOX process by coupling ANAMMOX with partial denitrication. Partial denitrication was achieved using two different carbon sources, i.e., acetate and ethanol, which had nitrate to nitrite transformation ratios of 95.8% and 90.0%, respectively. The improvement of the accumulation rate and the extension of the accumulation time of nitrite by controlling environmental conditions represent key objectives to achieve partial denitrication. Almeida et al. 7 assumed that the competition for electrons between nitrite reductase and nitrate reductase led to different reduction rates and ultimately caused the accumulation of nitrite. Blaszczyk et al. 8 indicated that the delayed synthesis of nitrite reductase compared to nitrate reductase, i.e., the difference in the activity between nitrite reductase and nitrate reductase, led to the accumulation of nitrite. Several environmental factors affect the accumulation of nitrite, including the C/N ratio, the carbon source type, pH, and salinity. Sun et al. 9 used denitrifying sludge to treat pretreated landll leachate in an anoxic/anaerobic upow anaerobic sludge bed (UASB). The activated sludge was analyzed to investigate the effects of the C/N ratios and types of carbon sources on the nitrite accumulation during the denitrication. The stoichiometry of the denitrication indicated that nitrite accumulation occurred due to an insufficient carbon source required for the reduction of nitrite to nitrogen gas when the C/ N ratio was below the theoretical threshold of 3.75. Additionally, nitrite accumulation was observed when methanol, ethanol, sodium acetate, and sodium propionate were used as carbon sources. The concentrations of nitrite and the time when the nitrite accumulation peaked were different in different media. Le et al. 10 investigated the impact of different carbon sources (acetate, glycerol, methanol, and ethanol) and the C/N ratio on partial denitrication selection for short-and long-term operations. All carbon sources supported partial denitrication in the short-term but in long-term operations, the contribution of partial denitrication to nitrate removal was greater than 90% in reactors using acetate or glycerol as carbon sources. In addition, the C/N ratio affected the nitrate reduction rate to control partial denitrication; therefore the C/N ratio was used to balance the effectiveness of denitrication and ANAMMOX. Qian et al. 11 found that high pH values were benecial for partial denitrication; three partial denitrication reactors were operated for 420 d with inuent pH values of 5.0, 7.0, and 9.0. The experimental results showed that the nitrite accumulation rates (NARs) increased with increasing pH and were 21%, 38%, and 57%, respectively. Conversely, Cao et al. 12 reported that the nitrate and nitrite reduction rates were inhibited by high pH values but the nitrate reduction was more vulnerable to a high pH. Chen et al. 13 stated that salinity decreased the nitrogen removal efficiency of activated sludge and increased the extracellular polymeric substance (EPS) content. Li et al.
14 described an efficient method that increased the inuent salinity for enriching the community of partial denitriers. The nitrite accumulation efficiency was higher than 75%, the nitrate conversion efficiency was high, and Halomonas was the dominant genus. Ji et al. 15 investigated the effect of salinity on the partialdenitrication performance and the microbial community structures of partial-denitrication. The results showed that the denitrifying activity of the non-domesticated sludge was completely suppressed by a high salinity of 1.5 wt%, whereas stable and high nitrite accumulation was achieved aer 120 d of operation and the nitrate-to-nitrite transformation ratio (NTR) was about 90%. Dissolved oxygen (DO) is also a critical factor affecting nitrite accumulation and has attracted increased attention in recent years. Gayle et al. 16 found that nitrite reductase was strongly inhibited by oxygen. Nitrite accumulation occurred in the presence of oxygen. Both nitrate reductase and nitrite reductase were inhibited in the presence of DO. However, the latter was more sensitive to O 2 , which resulted in the accumulation of nitrite. The same phenomenon was also reported by Coyne 17 in a study of denitrifying enzyme synthesis and activity in Achromobacter cycloclastes. Nitrate reductase activity was observed at all O 2 concentrations, whereas the N 2 O reductase protein was not active until the O 2 concentrations decreased to 23 mM, i.e., nitrite reduction was the most O 2 -sensitive denitrifying step in the denitrication process.
To date, few studies have focused on the determination of the mechanisms of NO 2 À -N accumulation and the microbial community change under different cultivation conditions with or without aeration during the denitrication process. In the present study, batch experiments were carried out to compare the nitrite accumulation during the denitrication process for three different cultivation conditions with and without aeration (DO) to achieve partial denitrication using glucose as a carbon source. Illumina high-throughput sequencing analysis was conducted to investigate the changes in the microora in the reactors with different cultivation conditions with and without the presence of DO. The effect of various initial pH values on the nitrite accumulation during the denitrication process was also investigated.
Materials and methods

SBR set up and operation
Three parallel cylindrical sequencing batch reactor (SBRs) were used with a working volume of 4.0 L at a constant temperature of about 25 C. Synthetic wastewater (2.0 L) was pumped into each SBR reactor during every cycle with a water ll ratio of 1/2. The reactors were mixed using a mechanical stirrer at 90 rpm during the reaction stage. The reactors were operated at two cycles per d and each cycle was operated for 6 h during the 120 d of operation. The reaction cycles of the reactors are listed in Table 1 . The reactor operation consisted of two stages. The rst stage was the start-up stage (0-10 d), during which the C/N ratio was maintained at 6 to improve the denitrication performance of the sludge. Subsequently, the C/N ratio was changed to 3 to acclimate the sludge to achieve partial denitrication. 
Batch experiments
Sealed conical ask reactors (1.0 L) were used in the batch experiments to investigate the nitrite accumulation mechanism of the acclimated sludge under three different cultivation conditions. The sludge obtained from the three reactors aer 120 d of operation was ushed three times with deionized water to remove the residual substrate. The prepared sludge was loaded into the reactors and the concentration of the denitrifying sludge was 1500 AE 10 mg VSS per L. Subsequently, the synthetic wastewater was added to the reactors to maintain the initial NO 3 À -N concentration of 30 mg L À1 and a C/N ratio of 3.0. Nitrogen gas was then immediately pumped into the reactors to establish an anoxic environment. All reactors were placed on stirring plates in a constant-temperature incubator at 25 AE 0.5 C. The initial pH was 7.3. All tests were repeated three times.
Effect of different initial pH value on NO 2 À -N accumulation
The optimal acclimation condition of the activated sludge to achieve partial denitrication was determined by the batch experiments described in Section 2.2. Subsequently, the effect of different initial pH value on the nitrite accumulation in the denitrication process was investigated at C/N ¼ 3. The pH value in the sewage treatment plant from which the samples were obtained ranged from 6.5 to 8.5. This range was appropriately expanded in this experiment to investigate the accumulation of NO 2 À -N at initial pH values of 5.5, 6.5, 7.3, 8.5, and 9.5 and to monitor the change in the pH during the reaction process; 1 mol L À1 NaOH and 1 mol L À1 HCl solutions were used to adjust the pH. In the batch experiments, a 1 L beaker was used, the water bath temperature was maintained at 25 C and a magnetic stirring apparatus was used with a rotational speed of 90 rpm.
Calculation of nitrate-to-nitrite transformation ratio (NTR)
The NTR was calculated as follows:
where NO 
Analytical methods
-N, total nitrogen (TN), COD, mixed liquor suspended solids (MLSS) and MLVSS were analyzed according to the standard methods. 19 Temperature, DO, and pH values were determined using a WTW/Multi 3420 multiparameter device.
Microbial community analysis
The samples were collected from the three reactors (R1, R2, R3) on day 109 aer the SBRs were operating in a stable manner to characterize the microbial community structure of the different partial-denitrication systems using Illumina high-throughput sequencing analysis. DNA was extracted using the E.Z.N.A™ Mag-Bind Soil DNA Kit (OMEGA) according to the manufacturer's instructions. The extracted DNA samples were stored at -4 C. The V3-V4 region of the bacterial 16S rRNA genes was amplied by universal primers, 341F: CCTACGGGNGGCWG-CAG, 805R: GACTACHVGGGTATCYAAYCC. The polymerase chain reaction (PCR) system (30 mL) was as follows: 15 mL 2Â Taq master Mix, 1 mL Bar-PCR primer F (10 mM), 1 mL primer R (10 mM), 10-20 ng genomic DNA; ddH 2 
Results and discussion
Effect of operation mode on partial-denitrication performance
Sodium acetate, glucose, methyl alcohol, and citrate are commonly used as carbon sources for denitrication. However, Ge et al. 20 stated that the denitrication efficiency using glucose as a carbon source was lower than that of other ordinary carbon sources due to the complex metabolic pathways of glucose. The reduction of nitrite was also relatively low over time, thus resulting in relatively high nitrate accumulation. For this reason, glucose was chosen as the carbon source in this experiment.
The denitrication pattern of the activated acclimated sludge in R1 are shown in Fig. 1 . From 0-2.5 h, the reduction rates of NO source in the early stage of the reaction, the synthesis rate of nitrate reductase was far higher than that of nitrite reductase, which resulted in a much higher reduction rate of nitrate than of nitrite and a signicant accumulation of NO 2 À -N. The large consumption of carbon resulted in an insufficient carbon source in the later stage. The activity of nitrate reductase was affected by the carbon concentrations to a greater degree than the activity of nitrite reductase. In the later reaction stage, the activity of nitrite reductase was higher than that of nitrate reductase, i.e., the reaction rate of nitrite was higher than that of nitrate, a fact that resulted in a lower accumulation of NO 2 À -N.
This result was in agreement with many previous research ndings. Even under low C/N conditions (C/N ¼ 1-3), the nitrite still accumulated at rst and then reduced in the denitrication process. There were distinctive differences in the nitrite accumulation patterns of the acclimated sludge between reactors R2 or R3 (which contained DO due to aeration) and reactor R1 (without DO). As shown in Fig. 1 , at C/N ¼ 3, a certain amount of nitrite had accumulated in the three acclimated sludges during the denitrication process. The nitrite accumulation in reactor R1 reached the maximum value of 8.29 AE 1.01 mg L À1 at t ¼ 2.5 h. Subsequently, the value declined and nally reached zero at t ¼ 8 h. It took 5 h for the nitrite accumulation in the R2 sludge to reach the maximum value of 9.94 AE 0.24 mg L À1 .
However, the nitrite accumulation in the R3 sludge 
However, the nitrite accumulation rates were R1 (80.41%) < R2 (83.07%) < R3 (89.97%). In summary, the nitrate/nitrite reduction abilities by the sludge in the R2 and R3 reactors were weaker than that of the denitrifying sludge in the anoxic reactor R1 due to the presence of DO in R2 and R3. However, the nitrite accumulation rates were higher in R2 and R3 than in R1. In addition, the accumulation time of nitrite was longer in R2 and R3, thus better partial-denitrication performance was observed. Research has shown that most denitrifying bacteria are facultative anaerobic bacteria, which are more active under the conditions of low DO or alternating anaerobic-aerobic conditions. 21 Although DO to some extent inhibits the activity of denitrifying enzymes, it does not do impair the growth of denitrifying bacteria. In addition, the relative synthesis rate of nitrate/nitrite reductase by the sludge in the reactor was changed due to long-term acclimation at a low C/N ratio and the presence of DO. Nitrite reductase is more sensitive to DO than nitrate reductase. 22, 23 The synthesis rate of nitrite reductase was much lower than that of nitrate due to the acclimation in the presence of DO. Gayle et al. 16 demonstrated that the activity of nitrite reductase was strongly inhibited by molecular oxygen and the accumulation of NO 2 À -N occurred in the presence of oxygen. In a study on the adaptive mechanisms of nitrate/nitrite reductase in Micrococcus denitricans and the electron conversion pathway of NO 3 À -N and O 2 , Lam et al. 24 found that nitrate reductase was not inuenced by the presence of O 2 but the activity of nitrite reductase was strongly inhibited.
Aer a period of reaction, the average reduction rates of
, and R3 ¼ 2.52 AE 0.56 mg (L h) À1 at t ¼ 0.5-8 h when the major factor affecting the nitrate reduction was no longer the acclimatized bacterial community, but the carbon source concentration. Since the degradation rate of the carbon source was directly proportional to that of nitrogen in denitrication and the order of denitrication rate was R1 > R2 > R3 in the early stage of reaction, the order of carbon source concentration was R1 < R2 < R3 aer 0.5 h due to the consumption by the sludge; as a result, the order of the average reduction rate of NO 3 À -N was R1 < R2 < R3 aer 0.5 h. This indicated that a higher carbon source concentration resulted in a higher reduction rate of nitrate. Therefore, if the concentration of the carbon source remained unchanged or within a small range, it will further prolong the accumulation time of NO 2 À -N to obtain steady accumulation. In her research on the inuence of addition times of a carbon source on denitrication, Wang et al. 25 found that the nitrite accumulation in the denitrication process occurred under one time, four times and eight times of carbon source addition. However, a steady accumulation of nitrites was obtained for a separate addition. The separate additions of a carbon source weakened the inhibitory effect caused by the organic matter on the ANAMMOX bacteria and continuously offered nutrition for the heterotrophic denitrifying bacteria. These ndings provide a theoretical basis for achieving partial denitrication coupled with ANAMMOX.
3.2 The microbial diversity of the three different acclimated sludges 3.2.1 Analysis of species diversity and community structure. To explore the accumulation mechanism of nitrite by the partial-denitrication sludge using different acclimatized modes and assess the changes in the microbial community, Illumina MiSeq high-throughput sequencing was used to analyze the microbial community structure during the stable phase of the R1, R2, and R3 reactors; 63 567, 51 051, and 64 600 pieces of high-quality sequence data were obtained from the sludge samples in R1, R2, and R3. The species abundance and diversity of the three samples are presented in Table 2 ; the operational taxonomic units (OTUs) of R1, R2, and R3 were 5550, 3637, and 5128, respectively. The coverage value of all samples exceeded 90%, demonstrating that the sample had a relatively high library coverage, which indicated the authenticity of the sequencing. The abundance-based coverage estimator (ACE) and the Chao index of sample R1 were higher than those of R2 and R3, indicating that R1 had higher species abundance than R2 and R3. The Shannon index is another index used to estimate the microbial diversity in a sample. The higher value testies to the higher community diversity. The data in Table 2 showed that R1 possessed higher microbial diversity than R2 and R3. In other words, R2 and R3 had greater microbial specicity, indicating that the acclimation mode of reactors R2 and R3 thoroughly elutriated the microorganisms, and strengthened the dominant position of the functional bacteria. In addition, the Venn diagram showed that the OTU numbers of the three samples accounted for only 4.74% of the total OTU numbers, which demonstrated that the microbial communities of the partial-denitrication sludge varied significantly under different acclimation modes.
24, 22, and 21 well-known bacterial phyla were detected. These three samples had similar dominant bacterial phyla, including Proteobacteria, Planctomycetes, Bacteroidetes, Acidobacteria, Candidatus saccharibacteria, and Chloroexi, whose relative abundance accounted for over 90%. The Proteobacteria accounted for 44.57%, 14.91%, and 25.09% respectively in the reactors R1, R2, and R3; the proportion of the Proteobacteria in the R1 sample was in agreement with the reported abundance of this phylum in activated sludge. 26 A statistical evaluation of the change in the dominant genera (Fig. 4) revealed the distinct bacterial structure in the three different acclimating modes, indicating that the cultivating mode signicantly inuenced the microorganism composition. The relative abundance of Candidatus saccharibacteria was signicantly higher in R2 (45.44%) and R3 (34.96%) than in R1 (5.35%) (p < 0.001). However, the relative abundance of Planctomycetes was signicantly lower in R2 (2.02%) and R3 (4.47%) than in R1 (13.71%) (p < 0.001) due to microbial competition. Additionally, the abundance values of Bacteroidetes in the three samples were 13.13%, 14.37%, and 19.14%, respectively, those of the Acidobacteria were 10.12%, 12.94%, and 7.18%, and those of the Chloroexi were 4.00%, 2.97%, and 2.59%. The members of the denitrifying bacterial genus commonly found in sewage treatment, such as Pseudomonas, Paracoccus, and Comamonas, all belonged to the Proteobacteria phylum. Chloroexi, containing green hormone, are facultative anaerobes that decompose saccharides and participate in nitrogen removal by denitrication. Bacteroidetes not only metabolize saccharides and protein but also participate in denitrication under anoxic conditions. 27 The different acclimation modes gave rise to the signicant change in the abundance of Candidatus saccharibacteria in the three samples. However, the abundance was only 5.35% in sample R1. Kindaichi et al. 28 tested the abundance of Saccharibacteria in nine activated sludge samples using uorescence in situ hybridization (FISH) and found that the proportion of these bacteria in different types of activated sludge ranged from 1.3% to 7.3%. However, in the acclimation mode of R2 (intermittent aeration, DO ¼ 2 mg L À1 ) and R3 (DO ¼ 0.
), this bacterial phylum had signicantly higher abundance than in R1 with values of 45.44% and 34.96%, respectively. The reason was that the introduction of DO enhanced the growth of Candidatus saccharibacteria, which is more adaptable in aerobic environments.
3.2.2 Functional bacterial diversity in different partialdenitrication sludges. The results of the Illumina highthroughput sequencing analysis indicated the dominance of the candidate phylum Saccharibacteria under the three different operating modes ( Fig. 2 and 3 ; Table 3 ). Saccharibacteria genera incertae sedis represented approximately 5.35% of the total reads in R1 (without aeration), whereas the relative abundance in R2 and R3 was 45.44% and 34.96%, respectively. The lack of DO was the reason for the lower abundance of the Saccharibacteria in the R1 reactor (5.35%) than in R2 and R3 (45.44%, 34.96%). The results also indicated that the genus Saccharibacteria preferred a low DO environment or aerobic environment. Unfortunately, to date, information on the ecological role of Saccharibacteria in natural or articial ecosystems is still limited. In spite of the fact that the characteristics of Saccharibacteria in sewage treatment are rarely reported, an increasing number of studies have shown that Candidatus saccharibacteria can become the dominant bacterial phylum in many different sewage treatment technologies, such as an SBR used for treating chlorophenol wastewater 29 and a microbial fuel cell using the freezing microtome method. 30 Additionally, Gu et al. 31 found that a high C/N ratio was benecial for the enrichment of Saccharibacteria in a sequencing biolm batch reactor treating livestock and poultry wastewater. Ma et al. 32 suggested that the phylum Candidatus saccharibacteria preferred to degrade biorefractory contaminants and utilized complex organic compounds. To our knowledge, this is the rst time of Saccharibacteria genera incertae sedis being enriched in partialdenitrication sludge in the presence of DO. Kindaichi et al. 28 pointed out that Saccharibacteria can utilize organic matter and saccharides and participate in nitrate reduction under anoxic conditions, thus proving its nitrogen removal ability by denitrication. At the genus level, the dominance of Saccharibacteria genera incertae sedis in the domesticated sludge with aeration demonstrates its role as a keystone species in achieving the transformation of nitrate to nitrite in a partial-denitrication reactor. Notably, when analyzing the community characteristics of partial denitrication coupled with the ANAMMOX process using acetate and alcohol as carbon sources, respectively, Du et al. 6 found that Thauera, a denitrifying bacterial genus, accounted for 61.63% and 45.17%, respectively and was the dominant bacterial genus in the partial-denitrication process. However, in our research, the relative abundance of the Thauera genus in R2 and R3 was only 0.5% and 1.28% respectively. The Saccharibacteria had replaced the Thauera genus to become the dominant bacterial genus (Fig. 3) , which might have been caused by the different initial seeding sludge samples and carbon sources used in the study. Moreover, some scholars noticed in their study of the Saccharibacteria genus in activated sludge that these bacteria did not consume acetate and ethyl alcohol. 28 As shown in Table 3 , some other genera reported as denitrifying bacteria in a previous study were detected in the activated sludge samples in R1, R2, and R3. The major denitrifying bacterial genera in this study included Aridibacter, Pseudomonas, Thauera, Gemmobacter, Citrobacter, and Saccharibacteria; Aridibacter was isolated from African soil samples. It was found that in addition to utilizing amino acids, polysaccharides, and organic acids, Aridibacter also participated in denitrication using nitrates as electron acceptors under anoxic conditions. Pseudomonas, which are a common denitrifying bacterial genus for sewage treatment, comprised 1.26% and 0.78% in R1 and R2, respectively. Gemmobacter has also been shown to have denitrication functions. Lv et al. 33 separated 116 denitrifying bacterial genera from sediments, biolms, and water samples from a river in Beijing, including Pseudomonas, Gemmobacter, and Rheinheimera. Li et al. 34 found that the Citrobacter freundii strain PXL1 removed arsenic in underground water using nitrates as electron acceptors.
The accumulation pattern of nitrite for different initial pH values
The inuence of different initial pH values on the denitrica-tion process of the acclimatized sludge in reactor R3 at C/N ¼ 3 was investigated. The initial pH had a signicant inuence on the accumulation of NO these values were much higher than the results reported in the published study. Cao et al. 35 reported that a pilot-scale SBR was used to obtain a stable accumulation of NO 2 À -N from denitrication using ANAMMOX. Batch tests were conducted to study the effect of the C/N ratio on the production of nitrite and the accumulation of NO 2 À -N was around 25% using methyl alcohol as a carbon source at C/N ratios of 2.4-3.2 and initial pH values of 7.5-8.5. The results of their study clearly showed that a higher nitrite accumulation rate ($50%) was easily obtained at C/N ¼ 3 under alkalescent/alkaline conditions. Notably, a higher initial pH resulted in a higher accumulation rate of NO 2 À -N and was conducive to partial denitrication. In a study on the effect of the initial pH on nitrite accumulation of denitrication at C/N ¼ 3 under low-temperature conditions, Li et al. 36 found that the nitrite accumulation was relatively low at initial pH values of 6-7 but much higher when the initial pH values were 7-9; these results are consistent with the research results of our experiment.
As shown in Table 4 , the reduction rate of nitrates and the accumulation rate of nitrites was least affected by the pH value at t ¼ 0-3 h for ve initial pH values tested in the experiment. However, differences were observed aer t ¼ 3 h. Under acid conditions with an initial pH value of 5.5, the NO 3 À -N concentration remained unchanged aer t ¼ 3 h in the denitrication process. At the initial pH value of 6.5, the reduction rate of NO 3 À -N also decreased aer t ¼ 3 h in the denitrication process. The nitrate concentration did no longer decrease aer t ¼ 5 h and the average reduction rate was only 2.85 AE 0.19 mg (L h)
À1
. The nitrate-nitrogen concentration under these two conditions even rebounded in the later stage. Under Fig. 3 The comparison of microbial community structure in different partial denitrification sample at genus level. a Only the bacteria with the relative abundance of >0.1% are listed. Fig. 4 The relative abundance change of dominant bacterial phylum under three different acclimating modes. The date were presented as mean AE standard deviation. Significant differences compared to group R1 are indicated as follows: *P < 0.05, **P < 0.01 and ***P < 0.001. -N to NO 2 À -N requires only 1.14 g 5 day biological oxygen demand (BOD 5 ). Since a higher initial pH value results in a higher accumulation rate of NO 2 À -N, less NO 3 À -N is directly reduced to N 2 and less carbon is consumed.
As a result, the residual concentration of the carbon source is higher, which contributes to the higher reduction rate of NO 3 À -N. One reason for the higher NO 2 À -N accumulation rate as a result of the higher initial pH value is that nitrite reductase is more sensitive to a high pH value than nitrate reductase. Another reason is that the production of alkalinity occurs during denitrication when NO 2 À -N is reduced to N 2 . The higher OH À concentration at a higher pH value slows down the process of reducing NO 2 À -N to N 2 . 37 At higher pH values, more nitrite accumulation occurred in this study, which is in agreement with the research results of Glass et al. 
Conclusions
Due to the different inhibitory effect of DO on nitrate reductase and nitrite reductase, partial denitrication was more prevalent in the acclimatized R2 and R3 sludge, which contained DO due to aeration, than in R1. The nitrite concentration in the R3 acclimatized reactor increased steadily until the end of the reaction, thus ensuring more complete partial denitrication. The high-throughput sequencing results indicated that Candidatus saccharibacteria was the dominant bacterial genus in R2 and R3; this is the rst report of Candidatus saccharibacteria as the dominant bacterial genus in denitrifying sludge. These bacteria prefer aerobic environments, can utilize glucose under anaerobic/anoxic/aerobic conditions, and reduce nitrate under anoxic conditions. It accounted for only 5.35% in the anoxic reactor R1 but reached 34.96% in reactor R3 under low DO conditions and 45.44% in the aerobic reactor R2 with intermittent aeration. The initial pH value had a signicant inu-ence on the nitrite accumulation rate in the acclimatized sludge in R3. Under initial acid conditions, the nitrite was continuously degraded but the accumulation rate decreased aer reaching the maximum, which was unfavorable for denitrica-tion. Under alkalescent/alkaline conditions, the nitrite accumulation increased continuously during the denitrication process. A higher initial pH value resulted in a higher accumulation rate of nitrite-nitrogen, which was favorable for complete partial denitrication.
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